Incorporation of uridine in cleavage stage eggs of the sea urchin Paracentrotus lividus was investigated. It was shown by ion exchange and thin layer chromatography that most of the uridine taken up during the 16-cell stage was converted into UTP with some incorporation into UDP and UMP. Conversion of uridine to these phosphorylated nucleosides occurred throughout early cleavage stages. A very small amount of uridine taken up by cleavage stage eggs is incorporated into RNA heterogeneous in size. This RNA was examined by Polyacrylamide gel electrophoresis.
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Radioautographic studies carried out by CZIHAK 1 indicated that radioactive uridine incorporation into RNA (RNase sensitive) by embryos of the sea urchin Paracentrotus lividus during the 16-cell stage took place primarily in the micromeres, the four smallest blastomeres. Furthermore it was shown that embryos incubated with either of the RNA antimetabolites 6-azauridine or 8-azaguanine during the 16-cell stage lacked the archenteron (primary intestine) or had only a reduced one at later stages. When micromeres of embryos which had been incubated with radioactive uridine were transplanted onto non-labeled animal halves, a diffusion of acid insoluble labeled substance from the micromeres into the cells of the animal halves was observed by CZIHAK and HÖRSTADIUS 2 . These facts together with the fact that the micromeres are responsible for inducing the formation of the primary intestine 3 together w T ith the above results led to the hypothesis 1 ' 4 that micromere RNA, possibly messenger RNA (mRNA), might be involved directly or indirectly in the induction process by which the formation of the endoderm (archenteron) by gastrulation is initiated.
As a preliminary step in testing the above hypothesis an attempt was made to isolate and characterize RNA from 16-cell stage P. lividus embryos labeled with radioactive uridine by CZIHAK, WITT- from these embryos were separated on hydroxyapatite and a distinct peak of radioactivity, which eluted close to ribosomal RNA, was found. The material in this peak had a rapid turnover, appeared to be degraded at later stages and reincorporated into ribosomal RNA and DNA, and was reported to be "probably messenger RNA" 5 . The isolation experiment with hydroxyapatite was repeated by the present author and the results found convincing enough to warrant further characterization of the 16-cell stage uridine labeled material. The purpose of this paper is to present evidence that this material was in fact UTP rather than mRNA. Incorporation of uridine into high molecular weight messengerlike RNA, which does take place in very small amount in 16-cell stage embryos, was examined by pulsing embryos with a high concentration of uridine followed by Polyacrylamide gel electrophoresis of extracted nucleic acids.
Materials and Methods

Preparation of eggs.
Unfertilized eggs and sperm of the sea urchin P. lividus, collected at Stazione Zoologica, Naples, were obtained by shaking the gonads in filtered sea water. The eggs were washed repeatedly in filtered sea water before and after fertilization and allowed to develop at 19 -21 °C in large petri dishes with sea water containing 150 //g/ml each of penicillin and streptomycin. Batches of eggs which were less than 95% fertilized or which yielded less than 90% synchrony during development up to the 16-cell stage were discarded. At the beginning of the cell stage of interest embryos were collected in centrifuge tubes, radioactive uridine was added and the embryos were stirred constantly during the incubation period. For Polyacrylamide gel electrophoresis experiments 3 H-5-uridine (Sorin, Saluggia, Italy) was used. For all other experiments 14 C-2-uridine (The Radiochemical Centre, Amersham, England) was used. At the end of the incubation period embryos were either centrifuged, frozen in an alcohol-dry ice mixture and stored at -60 °C, or fixed and dried by washing (with centrifugation) 2 times in ethanol-ether (3 : 1) followed by 3 rinses in ether and subsequent drying in a dessicator.
Isolation of nucleic acids. Frozen embryos were thawed in the presence of an equal mixture of watersaturated phenol and acetate buffer (0.1 M sodium acetate, pH 5.5, containing 10~3M MgCl) and homogenized with this medium in a glass homogenizer. All steps were performed in a cold room at 5 °C. Acetate buffer and sodium dodecyl sulfate (SDS) were added to the homogenate to give a concentration of about 0.5% (w/v) embryos and 0.5% SDS in acetate buffer. Water-saturated phenol was added until the volume of phenol was equal to that of buffer. This mixture was shaken vigorously for 15 minutes, centrifuged, and the aqueous phase was removed. Extraction with phenol was repeated two additional times. Remaining dissolved phenol was extracted from the nucleic acid-containing aqueous phase with ether (three extractions). Nucleic acids were generally precipitated with two volumes of cold 95% ethanol, centrifuged after standing 2 hours at -20 c C, taken up in buffer (acetate buffer unless otherwise indicated), frozen, and stored at -20 °C. (It was found that a portion of labeled phosphorylated nucleosides precipitate along with the nucleic acids.) Special precautions were taken to avoid contamination of purified nucleic acid suspensions with nucleases 6 .
Dried embryos (40 mg) and two volumes of commercial clean sea sand were ground at 4 °C with mortar and pestle. The homogenate. phenol and SDS were adjusted to the same concentrations in acetate buffer as described above. Further steps of nucleic acid isolation were the same as for frozen embryos.
Absorbance and radioactivity patterns of nucleic acid extracts isolated from frozen and from dried embryos appeared to be identical as examined by sucrose density gradient analysis. In our hands, isolation of nucleic acid by a modified procedure including a hot phenol (60 °C) extraction step resulted in slightly degraded ribosomal RNA patterns as analyzed by Polyacrylamide gel electrophoresis.
Chromatography on hydroxy apatite. Chromatography on hydroxyapatite was carried out as described by BER-NARDI 7 . A column (8x1.7 cm) of hydroxyapatite (Biogel H. T., Bio-Rad Laboratories, Munich) was equilibrated with 0.05 M phosphate buffer (primary sodium and secondary potassium phosphates), pH 6.7. Nucleic acid extracts were applied to the column in 3 -5 ml of equilibration buffer. A linear (constant) gradient from 0.05 M to 0.40 M phosphate buffer, pH 6.7 (600 ml total volume) at a flow rate of 10 ml/h (22 °C) was used. Absorbance measurements were made with a model PMQII Zeiss ultraviolet spectrophotometer. For radioactivity measurements a 0.1 ml sample from each fraction was dried on a circle of Whatman glass fibre paper (GF/C). The circles were counted in a Packard liquid scintillation spectrometer. No corrections were made for background radiation which amounted to 30 -40 cpm. The conductivity of each 10th fraction was measured.
DEAE Sephadex Ion Exchange Chromatography.
Columns (15x0.5 cm) of DEAE SephadexA25 (Pharmacia) were equilibrated with 0.05 M NaCl + 0.1 M tris-HCl, pH 8.3. Nucleic acid samples were applied to the column in small volumes (about 1 ml) of extraction buffer. Linear (constant) gradient elution was carried out from equilibration buffer to 0.2 M NaCl + 0.1 M tris-HCl, pH 8.3 (50 ml total volume) at 5 °C. Absorbance, radioactivity and conductivity measurements were performed as described under "chromatography on hydroxyapatite". The positions of elution of reference UMP, UDP and UTP were determined by separate chromatographic runs.
Thin layer chromatography. Thin layer chromatography 8 was performed on polyethyleneimine (PEI)-cellulose F plates (Merck, Darmstadt, Germany). Nucleic acid extracts and reference phosphorylated nucleosides were applied to the thin layers in 10 or 20 amounts. Elution was with 1 M LiCl. Positions of radioactivity on chromatograms were determined by radioautography. Positions of unlabeled phosphorylated nucleosides were located under ultraviolet light.
Polyacrylamide gel electrophoresis. Polyacrylamide gel electrophoresis was carried out according to the method of LOENING 9 . Gels (2.4%) were prepared with recrystallized acrylamide and bisacrylamide. Thirty //I samples (about 80 jug) of nucleic acid containing 5% sucrose in acetate buffer were layered on each gel. Electrophoresis was carried out in LOENING'S E buffer 10 at room temperature (20 -23 °C) at 5 mA per gel and 50 v (6.2 v/cm). Gels were scanned with a Joyce-Loebl Chromoscan at 265 nm immediately after electrophoresis. For radioactivity measurements the gels were frozen and sliced on an H. Mickle (Gomshall, Surrey, England) gel slicer. The slices were prepared as described by LOENING 9 and counted in a Packard liquid scintillation spectrometer. No corrections were made for background radiation which amounted to 30 -40 cpm.
Results
Incorporation of 14 C-or 3 H-labeled uridine (0.1 -1 //Ci/ml) into 16-cell stage embryos and subsequent isolation of nucleic acids from these embryos was carried out by procedures equivalent to those used by CZIHAK, WiTTMANN, and HINDEN-NACH 5 . As observed by these investigators, when the nucleic acid extracts were chromatographed on hydroxyapatite a single sharp peak of radioactivity was eluted shortly before the absorbance peak for ribosomal RNA. The radioactivity in this peak accounted for about 80% of the label applied to the column. Most of the remainder was eluted with starting buffer.
Further characterization of the nucleic acid extracts from radioactive uridine labeled 16-cell stage embryos was carried out by sucrose density gradient centrifugation, methylated albumin chromatography and sephadex gel chromatography (G-50, G-25 and G-15) . Special precautions were taken to avoid contamination of nucleic acid preparations with nucleases. However, from these experiments it was concluded that over 97% of the incorporated uridine was in very low molecular weight material. A portion of nucleic acid extract isolated from 14 C-uridine incubated 16-cell stage embryos was chromatographed on polyethyleneimine-cellulose thin layers together with unlabeled reference UMP, UDP and UTP. A typical chromatogram is shown in Fig. 1 . Most of the label moved along with UTP; the remainder moved with UDP. Essentially no label was found at the start position where high molecular weight nucleic acids remain. The following experiment was carried out to further verify 16-cell stage conversion of labeled uridine primarily into phosphorylated uridine. Hydroxyapatite column separation of a nucleic acid extract from 16-cell stage embryos labeled with 14 Curidine was repeated under the same conditions used by CZIHAK, WITTMANN and HINDENNACH 5 except that 3 mg of unlabeled UTP were added to the column sample (Fig. 2) . Most of the radioactivity eluted before ribosomal RNA as a single peak with conductivity 8.2 millimhos in agreement with the above authors. The large absorbance peak representing added UTP eluted together with the major peak of radioactivity. In a similar experiment added UDP eluted with radioactivity obtained near the beginning of the gradient. It is concluded that the 16-cell stage peak of radioactivity isolated on hydroxyapatite by CZIHAK mRNA" was actually UTP! Conversion of radioactive uridine into phosphorylated uridine was examined at several cleavage stages in addition to the 16-cell stage. One batch of fertilized eggs was divided into 10 equal portions. The 10 samples (plus a sample of unfertilized eggs) were sequentially given a 30 min pulse of 14 C-uridine. The eggs were fixed and dried and nucleic acid extracts prepared quantitatively from each. The extracts were chromatographed separately on DEAE Sephadex together with reference nucleoside phosphates. Fig. 3 shows the elution pattern of extract from one of the samples which had been pulsed during the 16-cell stage. High molecular weight nucleic acids do not elute from this column. As shown previously the major peak of radioactivity eluted with reference UTP. Labeled UDP and an approximately equal amount of labeled UMP were also found. This elution pattern was typical of that found for each of the 10 samples. It is not clear why UMP was not observed by thin layer chromatography unless the UMP occurring in DEAE Sephadex chromatographs resulted from partial breakdown of UTP.
The relative amount of labeled UTP obtained for each of the 10 chromatographs was measured by determining the area under each radioactive UTP peak and was plotted as a function of time after fertilization (Fig. 4) . Unfertilized eggs showed no conversion of uridine into nucleoside phosphates. Maximum conversion of uridine to UTP occurred during the 30 min pulse given at 120 min after fertilization.
It is known that a small amount of mRNA synthesis takes place in cleavage stage sea urchin eggs n . Incorporation of labeled uridine into high molecular weight RNA by 16-cell stage P. lividus embryos was examined by incubating embryos with labeled uridine at a much higher concentration than that used for the experiments described above and by subsequent electrophoresis of nucleic acid extracts on Polyacrylamide gels. In order to be assured that our procedures of labeled high molecular weight nucleic acid isolation and electrophoresis were suitable, a preliminary electrophoresis experiment was carried out on a nucleic acid preparation from embryos which had been incubated with labeled uridine during later stages of develpoment in which uridine is known to be incorporated into ribosomal RNA, 4 -5 s RNA and DNA as well as mRNA n . Late gastrula stage embryos were incubated with 3 H-uridine for 14 hours and fixed. Nucleic acids were extracted and submitted to poly- acrylamide gel electrophoresis (Fig. 5 ). The absorbance peak occurring at 0.6 cm was identified as DNA in a duplicate run in which the nucleic acid preparation applied to the gel had been preincubated with DNase. The remaining three absorbance peaks were estimated to be 28 s and 18 s ribosomal RNA and 4 -5 s RNA from their electrophoretic mobilities. 3 H-uridine labeled material was found dispersed throughout the gel (typical of mRNA heterogeneous in size) with radioactivity peaks coinciding with the absorbance maxima for DNA, 28 s RNA, 18 s RNA and 4 -5 s RNA. Under the conditions of electrophoresis phosphorylated nucleosides had migrated through the gel.
Examination of 16-cell stage RNA was then carried out. One batch of fertilized eggs was divided into three portions. One of these was pulsed during the 16-cell stage for 20 min with 3 H-uridine at a concentration of 8.3 juCi/m\ (about 160 times higher than that used for the hydroxyapatite experiment in Fig. 2 ). For comparison the other two samples were given equal pulses during the 4-cell stage and 64-cell stage, respectively. Nucleic acid extracts were made and examined by Polyacrylamide gel electrophoresis. Fig. 6 b shows the electrophoresis pattern obtained from the 16-cell stage sample. 3 Huridine labeled material was found dispersed continuously throughout the gel characteristic of heterogeneously sedimenting mRNA isolated from cleavage stage embryos as observed by sucrose density gradient analysis 12 . Similar electrophoresis patterns were obtained for extracts from the 4-cell and 64-cell stage samples (Figs. 6 a and 6 c) . A peak of radioactivity occurred between the two ribosomal RNA absorbance peaks in each of the three patterns. The identity of this material is unknown. It may represent an in vivo association of mRNA with 16 s ribosomal RNA which has survived extraction.
Discussion
Results from several investigations (see Introduction) suggested that mRNA from the micromeres of P. lividus may be involved in induction of the archenteron. Incorporation of radioactive uridine during the 16-cell stage into RNA (RNase sensitive) was readily observed in the micromeres by radioautography 1 . CZIHAK, WLTTMANN and HLNDEN-NACH 5 attempted to isolate RNA labeled during the 16-cell stage for characterization studies and for eventual testing of inductive properties. The peak of radioactive material which they isolated on hydroxyapatite and reported to be "probably mRNA" was shown in this study to be UTP. In addition some incorporation into UDP and UMP was found. Conversion of uridine to phosphorylated nucleosides was also found at cleavage stages before and after the 16-cell stage. Incorporation of uridine by Strongylocentrotus purpuratus sea urchin eggs into phosphorylated forms of uridine has been reported by PIATIGORSKY and WHITELEY 13 and ARONSON and WILT 14 .
Although hydroxyapatite is very useful in certain nucleic acid isolation and separation experiments 7 caution must be taken in the interpretation of results when examining the size of unidentified nucleic acids. Nucleoside triphosphates such as ATP (and UTP as shown above) actually elute on hydroxy-
